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FOREWORD 


The  soniscope  investigation  of  concrete  at  Elmendorf  AFB  Hospital 
was  authorized  by  a  series  of  telephone  calls  between  Mr.  Harold  Stuart, 

U.  3.  Army  Engineer  Division,  North  Pacific  (NPD),  Mr.  R.  E.  Holmes,  HPD, 
Mr.  W.  M.  Khopp,  U.  S.  Army  Engineer  District,  Alaska,  and  Mr.  T.  B. 
Kennedy  and  Mr .  Bryant  Mather,  Concrete  Division,  U.  S.  Army  Engineer 
Waterways  Experiment  Station  (WES)  on  21,  25,  and  26  August  1964,  and  con¬ 
firmed  by  letter  from  the  Division  Engineer,  NPD,  dated  27  August  1964. 

The  investigation  was  conducted  during  the  period  28  August-16  September 
1964  by  Messrs.  H.  T.  Thornton,  Jr.,  and  J.  K.  Allgood,  Jr.,  WES,  with  the 
assistance  of  Mr.  W.  0.  Thompson,  Project  Engineer,  Alaska  District,  and 
Mr;  Rodger  Frank,  Fort  Worth  District. 

This  report  was  prepared  by  Mr.  Thornton  under  the  supervision 
of  Messrs.  T.  B.  Kennedy,  B.  Mather,  and  E.  E.  McCoy,  Jr.,  all  of  the 
Concrete  Division,  WES. 

Directors  of  the  WES  during  the  conduct  of  this  investigation 
and  the  preparation  and  publication  of  this  report  were  Col.  .Hex  G. 
Sutton,  Jr.,,  CE,  and  Col.  John  R.  Oswalt,  Jr.,  CE.  Technical  Director 
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SUMMARY 


The  hospital  building  at  Elmendorf  AFB,  Anchorage,  Alaska,  was 
damaged  by  the  earthquake  of  27  March  1964.  Developments  occurred  during 
the  progress  of  work  designed  to  repair  the  damaged  concrete  which  led 
to  a  request  for  a  soniscope  investigation.  The  U.  S.  Amy  Engineer 
Waterways  Experiment  Station  (WES)  furnished  a  soniscope  crew  to  make 
velocity  measurements  on  concrete  of  suspected  inferior  quality  in  areas 
designated  as  most  critical  from  a  structural  standpoint. 

On  the  hospital  building  proper-,  644  sonic  velocity  measurements 
were  made.  The  measurements  were  made  through  various  walls,  columns, 
and  beams  to  determine  the  representative  velocity  of  the  concrete  or 
to  find  any  cracked,  shattered,  or  otherwise  inferior  concrete  present 
at  points  where  measurements  were  taken.  Using  appropriate  combinations 
of  the  same  points,  diagonal  measurements  were  also  taken  through  the 
concrete  to  locate  inferior  concrete,  particularly  horizontal  cracking, 
not  detected  by  the  straight-through  measurements.  In  addition  to 
locating  inferior  concrete,  the  rpulse  velocity  measurements  provided  a 
good  indication  of  the  effectiveness  of  repair  by  epoxy  grouting.  To 
demonstrate  this  fact,  one  wall,  used  as  a  test  panel,  was  marked  with 
an  array  of  points  at  which  readings  were  taken  before  and  after  grousing 
with  epoxy.  Also  in  this  connection,  fifteen  readings  were  taken  on 
three  4-in. -diameter,  epoxy-repaired  cores,  aud  two  readings  were  taken  on 
two  4-in. -diameter,  undamaged  cores,  later  broken  in  compression.  Tensile- 
splitting  tests  were  performed  on  2-in. -diameter,  epoxy -repaired  cores. 

Representative  velocities  of  good  concrete  ranged  between  13,000 
and  15,000  fps.  Some  low  velocities  were  exhibited  in  all  sections 
tested,  but  low  velocities  were  far  more  prevalent  in  ungrouted  sections. 
Very  significant  increases  in  ultrasonic  pulse  velocities  were  obtained 
where  both  faces  of  an  area  of  concrete  were  sealed  and  the  section 
pumped  to  refusal  with  epoxy  grout  progressing  from  low  to  higher 
elevations . 

Results  of  tests  indicate  that:  the  compressive  strength  of  con¬ 
crete  in  the  hospital  building  probably  ranges  between  -000  and  5000  psi; 
the  epoxy-repaired  concrete  has  a  tensile- splitting  strength  as  high  as 
the  original  concrete;  there  are  areas  within  the  structure  where  epoxy 
repair  is  not  complete  and  furthi  .*  penetration  may  not  be  possible  unless 
the  area  is  sealed  and  pumped  from  both  sides. 
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SONISCOPE  INVESTIGATION  OP  BIMENDORT  AFB  HOSPITAL 
ANCHORAGE,  ALASKA. 

PART  I:  INTRODUCTION 

The  Problem 

1.  The  hospital  building  at  ElraendorT  APB,  Anchorage,  Alaska, 
was  one  of  the  many  structures  damaged  by  the  eartnquake  which  occurred 
on  27  March  196h  (fig.  l).  During  the  progress  of  work  designed  to 
repair  the  concrete  by  grouting  with  epoxy  resin,  it  became  apparent 
that  the  work  was  net  completely  successful.  Complete  filling  could  be 
obtained  in  the  fine  cracks,  but  the  wider  cracks  were  not  always  com¬ 
pletely  filled.  Cores  drilled  from  cracked  areas  showed  compressive 
strengths  ranging  from  100  to  5000  psl.  These  developments  led  to  a 
request  for  a  soniscope  investigation.  It  was  thought  that  a  vs.U- 
plnnaed  series  of  pulse  velocity  readings  would  permit  an  intelligent 
estimate  of  the  condition  of.  the  structure  and  of  the  success  of  the 
grouting  operations  which  were  in  progress. 

Purpose  and  Scope  of  Study 

2.  .The  U.  S.  Army  Engineer  Waterways  Experiment  Station  (WES) 
furnished  a  soniscope  and  crew  to  make  velocity  measurements  on  con¬ 
crete  of  suspected  inferior  quality  in  the  hospital  to  locate  any  con¬ 
crete  damaged  by  cracking  or  shattering  that  mignt  not  be  evident  from 
a  visual  inspection  and  to  obtain  an  indication  of  the  success  of  re¬ 
pair  by  epoxy  grouting.' 

3.  '.Che  investigation  was  concentrated  in  areas  designated  as  most 
critical  from  a  structural  standpoint,  namely,  main  shear  walls,  columns, 
beams,  and  column -beam  connections.  On  the  hospital  building  proper, 

6Uh  readings  were  taken.  Fifteen  readings  were  taken  on  three  4-in.- 
diameter,  epoxy -repaired  cores,  and  two  readings  were  taken  on  tyc 
h-in. -diameter  ceres  later  broken  in  compression.  One  wall,  used  as  a 
test,  panel,  wes  marked  with  an  array  of  check  points  at  which  readings 
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were  taken  before  and  after  grour.ing.  Three  *l*-in* -diameter  tores  were 
also  tested  tu  determine  what  effect  epoxy  repaii  had  on  ultrasonic  noise 
velocity  in  funcrete.  -Tensile-splitting  tests  were  performed  on  2-in.- 
diameter,  c;  -repaired  cores  to  compare  the  strength  of  the  er-oxy  bond 
in  cocked  concrete  with  that  of  tlie  undamaged  concrete. 
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PARI-  II:  TEST  EQUIEMEHT  AND  PROCEDURES 


Equipment 


4.  The  soniscope  equipment  used  wss  similar  to  that  described  in 

1* 

Corps  of  Engineers  test  method  CRD-C  51-57.  The  soniseope  is  an  in¬ 
strument  that  transmits  pulses  of  ultrasonic  waves  through  a  material , 
and  electronically  measures  the  time  of  travel  from  the  transmitter  to 
a  receiver  while  each  is  held  against  the  surface  of  the  material  a 
known  distance  apart.  Knowing  the  time  of  travel  and  the  path  length, 

the  velocities  through  the  material  can  be  computed  by  using  the  fcllow- 
1 

ing  form  .a: 


Pui-e  velocity  fns _ 

wu“e  /eio.ru>,  ips  -  Effective  sec 


The  pu3.se  velocity  provides  an  index  of  the  condition  or  quality  of  the 
concrete  through  which  the  readings  are  taken. 

Procedures 


$ 
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■i 

-3 
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5.  The  procedure  during  the  major  part  of  the  investigation  was  to 
cake  shZ oeity  measurements  straight  through  various  walls,  columns,  and 
beams  to  determine  the  representative  velocity  of  the  concrete  or  find 
any  crackea,  shattered,  or  otherwise  inferior  concrete  present  at  points 
where  measurements  were  taken.  Using  appropriate  combinations  of  the 
same  points  used  for  the  straight -through  measurements,  diagonal  readings 
were  also  taken  through  the  concrete  to  locate  inferior  areas,  particularly 
horizontal  cracking,  not  detected  by  straight-through  readings.  If  the 
signal,  must  cross  any  horizontal  or  vertical  cracking,  a  lower  velocity  is 
indicated.  Ry  comparing  velocities  obtained  through  damaged  and  repaired 
concrete  with  velocities  representing  undamaged  concrete,  an  indication  of 
the  condition  of  the  damaged,  or  repaired  concrete  can  be  obtained. 

*  Raised  numbers  refer  to  similarly  numbered  Iters  in  the  Selected 
Bibliography  following  the  text-  of  this  report. 
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PART  III:  TESTS  AND  RESULTS 


Soniscope  Tests  and  Results 


6.  Results  of  the  soniscope  tests  are  given  in  tables  1-36.  These 
tables  include  station  numbers,  station  references,  path  lengths,  veloci¬ 
ties,  remarks,  and  in  some  instances  station  location  diagrams.. 

R  wall 

7.  Sixty-five  readings  were  taker,  on  the  R  wall  (figs.  2  and  3). 

The  results  are  given  in  tables  1-3*  Of  the  nine  readings  just  east  of 
waH  17,  ground  floor,  only  three  had  velocities  greater  than  9000  fps. 

This  section  had  not  been  grouted  and  apparently  contained  concrete  of 
inferior  quality.  Tile  3  wall,  main  lobby,  first  floor,  prouueed  readings 
ranging  between  12, it?  and  13*740  fps.  These  readings  indicate  concrete 
of  generally  good  quality.  However,  the  problem  of  inaccessibility  caused 
readings  to  be  confined  to  a  small  portion  of  the  wall.  This  section  o*' 
the  3  wall  had  been  grouted,  and  there  is  a  possibility  that  some  of  the 
cracks  were  not  completely  filled.  All  readings  taken  on  the  R  wall,  first 
floor-,  between  columns  12  and  13  near  the  garage  entrance  indicated  con¬ 
crete  of  generally  good  quality  with  the  exception  of  four  readings  taken 
to  locate  an  inferior  area  about  3  ft  up  from  the  floor  near  the  entrance. 
R-wall  beam 

8.  Eighty -three  readings  were  taken  on  the  R-wall  beam  an  various 
locations;  readings  are  given  in  tables  4-8.  A  section  of  the  beam  above 
the  ground-floor  lobby  between  wails  23  and  25,  not  grouted,  produced  three 
straight-through  readings  indicative  of  good  concrete  and  eight  diagonal 
readings  indicating  poor  to  questionable  quality  concrete  (table  4).  It 
was  evident  from  the  tests  and  from  visual  observation  that  extensive 
cracking  was  present  in  this  beam.  Twenty-four  readings  were  taken  on  the 
R-wall  beam,  first  floor,  main  lobby,  between  columns  23  and  25  (table  5). 
This  section  had  been  grouted.  Only  three  readings  were  less  than  10,090 
fps,  ar.d  14  were  more  than  12,000  fps.  The  indications  here  are  that 
although  some  cracks  were  apparently  nol  filled,  the  general  condition  of 
che  section  ranged  from  questionable  to  good.  The  R-wall  beam,  first  floor 
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adjacent  to  wall  17,  which  had  not  been  grouted,  produced  only  6  out  of  15 
straight -through  readings  above  12,000  fps  (tables  6  and  7).  Only  three 
diagonal  readings  were  greater  than  10,000  fps;  the  remaining  seven 
ranged  between  4l60  and  9215  fps.  These  readings  indicate  extensive 
cracking,  inferior  quality  concrete,  or  both  in  this  section  of  the  beam. 
Two  readings  were  taken  tlirough  replaced  concrete  in  this  section  of  the 
beam,  producing  velocities  of  15*625  and  16,395  fps.  The  third  floor 
ft-wall  beam  between  walls  lh  and  15  produced  six  straight-through  readings 
gr^-  er  than  13,000  fps  and  two  at  11,495  fps  (table  8).  Of  the  five 
diagonal  readings  taken,  two  were  below  12,000  fps  and  three  were  below 
9000  fps.  Although  this  section  had  not  been  grouted,  the  straight- 
through  readings  indicated  generally  good  quality  concrete,  and  the 
diagonal  readings  indicated  some  cracking. 

Wall  17 

9.  One  hundred  and  twelve  readings  were  taken  on  various  sections 
of  wall  17  The  results  cf  these  readings  are  given  in  tables  9-12.  The 
ground-floor  section  of  wall  17  immediately  adjacent  to  the  L  wall  and 
southward  above  the  ceiling  toward  the  kitchen  seemed  to  be  in  generally 
good  condition  although  some  cracking  was  indicated.  As  reported  in  tables 
9  end  10, all  but  two  straight-through  readings  were  above  12,000  fps.  Only 
five  of  15  diagonal  readings  were  below  10,000  ips.  This  section  had.  not 
been  grouted.  Seventy-seven  readings  taken  on  the  grouted  section  of 
wall  17,  first  floor,  above  elevator  door  5  (table  11)  and  opening  into 
litters  rocca  A-I83  (table  12)  produced  only  three  velocities  beiow  10,000 
fur.  The  remainder  of  the  readings  ranged  between  30,520  auu  14,910  fps, 
with  57  readings  at  12,500  fps  or  above. 

h  wall 

10.  The  results  of  soniscope  tests  made  on  the  L  wall  are  given  in 
tables  13  and  14.  /ill  tests  on  the  L  wall  were  confined  to  a  section  at 
the  ground-floor  level.  This  section  had  not  been  grouted.  Of  25 
straight -tlirough  measurements  made  on  the  section  by  duct  space  2,  only 
two  were  below  13*500  ips.  Twelve  diagonals  read  in  this  area  indicated 
some  minor  cracking.  In  an  adjacent  section  of  the  L  wall  by  Stairway  1, 
three  of  13  straight-through  velocities  w  re  below  13,000  ips.  The 
diagonal  readings  averaged  75^0  fps,  and  indicated  that  this  section 
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contained  more  severe  cracking  than  the  section  by  duct  space  2. 

Wall  19  in  duct  space  2 

11.  Selective  coring  and  results  of  ultrasonic  testing  revealed 
that  full  penetration  by  epoxy  grouting  had  not  been  obtained  in  sane 
cases.  Therefore  it  was  decided  that  one  wall  should  be  designated  as 
a  test  panels  that  cracks  should  be  sealed  on  both  faces  of  the  wall; 

-  and  that  the  wall  should  be  pumped  to  refusal  with  epoxy  grout, 
progressing  from  low  to  high  elevation.  A  section  of  wail  19  in 
duct  space  2  was  chosen  and  the  above  procedure  was  followed  (fig.  4). 
Pulse-velocity  measurements  were  made  on  the  test  panel  prior  to  grout¬ 
ing..  2k  to  48  hr  after  grouting,  and  72  to  96  hr  after  grouting  (table 
15).  The  14  readings  taken  24  to  48  hr  after  grouting  shewed  velocity 
increases  ranging  between  0.6  and  48  percent,  with  an  average  increase 
of  approximately  19  percent.  The  very  small  increases  occ>irred  at 
points  where  there  ??ar  very  little  cracking  and  high  velocities  were 
obtained  with  the  first  reading.  When  compared  with  the  24-  to  48-hr 
readings,  the  readings  taken  72  to  96  hr  after  epoxy  repair  showed  an 
average  decrease  in  velocity  of  slightly  less  than  2  percent.  This 
decrease  after  extended  curing  of  the  epoxy  ia  not  surprising  in  the 
light  of  results  of  the  tests  discussed  in  paragraph  23-  The  24-  to 
48-hour  readings  taken  at  stations  K,  L,  and  M  ware  at  least  795  fps 
lower  than  the  eleven  ether  24-  to  48-hr  readings.  These  readings 
showed  an  average  increase  of  only  l4  percent  instead  of  the  expected 
average  increase  of  about  19-percent..  Check  res  lings  at  these  stations 
produced  the  sam  results.  A  core  was  taken  through  a  visible  crack 
near  sta  \  on  the  line  between  sta  A  and  sta  K,  L-,  and  M-  This  core 
rexrealed  a  large  unfilled  crack  between  sta  A  and  sta  K,  L,  and  M  which 
accounts  for  the  low  readings  obtained  at  these  stations.  The  results 
obtained  from  velocity  tests  performed  on  this  section  of  wall  19  indi¬ 
cate  that  significant  increases  id  the  ultrasonic  pulse  velocities  can 
be  effected  ia  damaged  concrete  by  epoxy  grouting  if  the  proper  proce¬ 
dures  are  followed. 

Third-floor  spandrel  beam 

12.  Between  columns  13  and  14.  Twelve  readings  were  taken  on  the 
interior  section  of  the  third-floor  spandrel  beam  which  had  not  been 
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grouted  (table  16).  The  four  straight -through  readings  indicated 
concrete  of  generally  good  quality.  Velocities  obtained  by  taking 
diagonal  measurements  indicated  concrete  quality  from  very  poor  to 
good.  The  low  diagonal  velocities  indicated  the  presence  of  severe 
cracking. 

13*  Seam  and  column  readings,  north  side.  Results  of  readings 
designed  to  determine  the  general  condition  of  beams,  columns,  and 
column-beam  connections  along  the  entire  third-floor  spandrel  beam 
between  columns  2  and  13,  north  side,  are  giver;  in  table  17.  This 
entire  section  had  been  grouted.  All  straight -through  readings  were 
above  14,000  fps  with  the  exception  of  one  reading  of  13,765  fps.  Most 
of  the  diagonal  readings  on  this  section  ranged  between  10,000  and 
15,000  fps.  The  high  and  low  readings  within  this  range  seemed  to  be 
well  .distributed  along  the  beam  with  no  particular  grouping  pattern. 

These  readings  (10,000  to  15,000  fps)  indicated  conditions  ranging  from 
partially  filled  cracks  to  undamaged  concrete.  Seven  diagonal  readings 
were  below  10,000  fps.  Three  of  these  re;  dings,  which  were  significantly 
low,  were  taken  through  the  east  column-beam  connection  at  column  8. 
Unrepaired  cracking  was  suspected  at  this  connection.  Two  of  the  low 
readings  were  obtained  in  a  section  of  the  spandrel  beam  between  column  2 
and  about  midway  of  the  beam  west  of  column  2. 

14.  Readings  were  taken  through  the  outer  6  in.  of  column-beam 
connections  at,  columns  8,  10,  and  12  (fig.  5)  to  determine  the  extent 

of  penetration  in  the  cuter  face.  The  locations  of  these  stations  and  the 
resul  of  tests  are  recorded  in  tables  18,  19,  and  20. 

15.  Seam  and  column  readings,  south  side*  Readings  similar  to  those 
taken  on  the  third-floor  spandrel  beams  and  columns  on  the  north  side  were 
also  taken  on  the  south  side  of  the  building.  However,  due  to  inaccessi¬ 
bility,  readings  were  confined  to  the  vicinity  of  the  column-beam  connec¬ 
tions.  CoLimns  and  beams  had  oeen  grouted  up  to  column  8;  no  grouting 

had  been  accomplished  at  columns  8,  10,  12,  and  1J*.  The  grouting  seemed 
to  make  very  little,  difference  in  the  general  condition  of  the  column- 
beam  connection  readings.  This  fact  is  evidenced  in  the  following 
tabulation. 
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Column 


Remarks 


4* 

10,835 

Four  of  12  below  10,000  fps 

6* 

13,275 

One  of  12  below  32,000  fps 

S 

13,020 

Three  of  12  below  12,000  fps 

10 

12,380 

Five  of  20  below  10,000  fps 

12 

12,110 

Three  of  24  below  10,000  fps 

14 

12,160 

One  of  12  below  10,000  fps 

*  Grouted. 

At  three  of  these  columns,  readings  indicated  that  the  column -beam 
connections  on  one  side  of  the  column  contained  more  cracking  than  the 
other  side.  This  condition  was  indicated  on  the  west  side  of  columns 
l4  ma  8,  and  on  the  east  side  of  column  10.  Station  location;;  and  re¬ 
sults  for  this  section  are  given  in  tables  21-26. 

lo.  Column-beam  readings  through  the  outer  6  in.  were  taken  at 
column  10  to  check  for  penetration  of  epoxy.  All  readings  produced 
velocities  above  13,000  fps.  Station  references  and  results  of  read¬ 
ings  are  given  in  table  27- 

Fifth-floor  spandrel  beam  and 
column  connections,  north  side 

17-  Velocity  measurements  were  made  tiirough  the  outer  6  in.  of 

column-beam  connections  on  the  fifth  floor,  north  side  of  building,  at 

columns  12  and  10.  Results  (tables  28  and  29)  indicated  these  connections 

to  be  very  good  at  column  10.  Three  of  four  measurements  at  column  12 

indicated  a  good  condition. 

East  stairway  wall  2 

between  wall  T  and  fan  room  wall 

18.  Readings  were  taken  in  this  section  on  the  first,  second, 

third-  and  fourth  floors.  Results  of  the  tests  in  this  area  are  given  in 

tables  30-33.  Extensive  cracking  was  indicated  on  the  first  floor  along 

with  a  trend  toward  less  extensive  cracking  in  the  higher  floors .  Most 

severe  cracking  occurred  around  door  openings. 

Wail  13,  mechanical 
equipment  room  B-2$4a 

3-9*  Results  of  the  29  readings  taken  in  this  area  are  given  in 
table  34.  The  eight  diagonal  readings  taken  in  the  area  between  the  large 
ducts  ranged  between  11,710  and  15.120  fps,  indicating  that  some  cracking 

10 

IB 


was  present.  The  absence  of  any  very  low  readings  seems  to  indicate 
that  the  cracking  was  cf  a  minor  nature.  Severe  cracking  was  indicated 
near  the  south  side  of  the  door  and  in  an  area  above  the  south  side  of 
the  door. 

Column-beam  connections 
around  outpatient  clinic 

20.  Eight  readings  were  taken  at  five  exterior  columns  around  the 
outpatient  clinic  (fig.  6)  in  an  attempt  to  determine  the  effectiveness  of 
the  epoxy  repair.  Inaccessibility  of  interior  faces  of  these  columns  and 
beams  limited  the  type  and  number  of  readings  that  ciuld  be  taken.  The 
location  and  resuius  of  these  readings  are  given  in  table  35 • 

Interior  column  6  at  S'  wall 

21.  Two  measurements  were  taken  on. this  interior  column  for  the 
purpose  of  comparing  the  velocities  with  those  cf  exterior  columns. 
Velocities  of  13,700  and  13,9^0  fps  were  obtained.  The  velocities  of 
exterior  columns  on  the  main  shear  walls  generally  ranged  between  14,500 
and  16,000  fps. 

Second-floor  slab 

22.  Three  readings  were  taken  in  a  patched  area  of  the  floor  slab, 
second,  floor,  near  elevator  5»  The  velocity  in  the  new  concrete  was 
l4,540  fps;  the  velocity  in  the  old  concrete  was  12,500  fps;  the  velocity 
from  old  to  new  was  7550  fps.  This  low  velocity  from  old  to  new  concrete 
indicates  a  poor  bond  between  the  old  and  new  concrete. 

Epoxy-repaired  cores 

23-  A  test  designed  to  determine  the  effect,  if  any,  of  epoxy  re¬ 
pair  on  pulse  velocity  was  performed  on  three  4-in. -diameter  cores  taken 
from  the  L  wall,  ground  floor.  These  cores  were  broken  trausversly,  and 
then  repaired  with  layers  of  epoxy  of  different  thicknesses.  One  core 
contained  only  a  film  of-  epoxy  to  form  the  bond.  The  other  two  were 
repaired -"with  l/l6-  and  1/8 -in.  layers,  respectively.  After  repair,  the 
specimens  were  cured  for  24  hr  at  a  temperature  between  70  and  80  F,  and 
then  dried  in  an  oven  for  24  hr  at  a  temperature  of  150  F.  The  temper¬ 
ature  was  then  reduced  to  120  F  for  a  period  of  43  hr.  Velocity  measure¬ 
ments  were  made  on  the  cores  before  breaking  and  after  each  phase  in  the 
curing  process.  To  obviate  any  effect  that  drying  of  the  specimens 
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might  have  on  pulse  velocity,  the  cores  were  saturated  with  water  for  an 
initial  reading  prior  to  breaking  and  the  final  reading  after  repair.  The 
results  of  these  tests  (table  36)  show  only  a  5.6  percent  average  decrease 
in  pulse  velocity  after  breakage  and  epoxy  repair.  A  decrease  of  3  to  4 
percent  in  pulse  velocity  occurred  between  the  readings  taken  after  24  hr 
of  curing  at  room  temperature  and  the  readings  taken  after  accelerated 
curing  in  the  oven.  This  decrease  seems  to  be  in  lino  with  a  slight 
decrease  noted  in  velocities  obtained  in  tests  performed  on  wall  ly  when 
the  epoxy  was  at  about  these  same  ages  (see  paragraph  11). 

Other  Tests  and  Results 


Compressive  strength 

24.  A  4-in. -diameter  core  (core  l)  taken  from  the  R  wall,  main 
lobby,  first  floor,  and  a  similar  core  (core  2)  taken  from  the  L  wall  by 
stairway  1,  ground  floor,  were  taken  to  the  Concrete  Branch  testing  labo¬ 
ratory,  Alaska  District,  for  compressive  strength  tests.  The  specimens 

>  ^  1 

were  capped  and  tested  in  accordance  with  CRD-C  I4-63.  Poise  velocity 
measurements  were  made  on  the  cores  prior  to  capping  and  breaking.  Results 
of  these  tests  are  given  :.n  the  following  tabulation. 


Core 

1 

o 


Compressive  Strength 
_ psi _ 

4376 

5444 


Pulse  Velocity 
_ fps _ 

13,870 

i4,88o 


The  limited  amount  of  data  obtained  from  these  tests  precludes  the 
establishment  of  any  reliable  correlation  between  pulse  velocity  and 
comprt.  ssiye  strength.  However,  these  data  conform  to  the  generally  ex¬ 
pected  pattern  of  a  higher  pulse  velocity  with  a  higher  compressive 
strength. 

Tensile-  splitting 

25.  Tests  were  performed  on  eight  2-in. -diameter  cores  to  compare 
the  tensile- splitting  strength  of  the  epoxy  bond  in  cracked  concrete  with 
that  of  the  undamaged  concrete.  Procedures  outlined  in  test  method 
CRD-C  77-61^  were  followed  with  the  execution  that  2-in.  cores  were  tested. 
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The  results  of  these  tests  are  given  in  the  following  tabulation. 


Tensile-Splitting 


Specimen 

Strength, 

1 

588.4 

1C 

441.0 

2C 

682.4 

3C 

494,4 

IE 

822.0 

2E 

861.4 

3E 

665.5 

4e 

378.5 

Specimen  1  was  part  of  an  undamaged,  core  taken  from  the  test  panel, 
wall  19.  Specimens  lc,  2C,  and  30  were  cut  from  a  single  core  cf  repaired 
concrete  taken  from  the  same  wall.  Specimens  1E-4E  were  cut  from  a 
single  core  of  repaired  concrete  also  taker,  from  the  test  panel,  wall  19- 
Although  the  epoxy-repaired  cracks  did  not  run  entirely  parallel  to  the 
specimen  axes,  the  specimens  were  loaded  as  nearly  as  possible  along 
the  repaired  openings.  Four  of  the  seven  repaired  specimens  failed  at 
strengths  considerably  greater  than  that  of  the  undamaged  specimen.  The 
other  three  showed  strengths  from  15  to  35  percent  less  than  that  of  the 
undamaged  specimen.  However,  the  most  significant  fact  derived  from 
these  tests  was  that  the  break  in  each  repaired  specimen  occurred  along 
the  axis  of  the  specimen  and  not  along  the  li.:_-  or  epoxy  repair.  This 
indicates  that  the  epoxy  bond  was  at  least  as  strong  as  ths  adjacent 
undamaged  concrete  in  the  specimen. 


PART  IV:  CONCLUSIONS 
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26.  Representative  velocities  of  good  concrete  in  tne  L  wall, 
spandrel  beams,  and  columns  ranged  between  14,000  and  15,000  fps. 

Other  areas  exhibited  velocities  between  13,000  and  14,000  fps  in  good 
concrete.  All  sections  tested  exhibited  some  low  velocities  in 
straight-through  as  well  as  diagonal  readings.  Low  velocities  were 
far  more  prevalent  in  ungrouted  sections. 

27*  Significant  increases  in  ultrasonic  pulse  velocities  can  be 
effected  in  damaged  concrete  by  epoxy  grouting  if  proper  procedures 
are  followed.  However,  velocities  obtained  after  repair  will  probably 
be  about  6  percent  lower  than  velocities  in  the  original  undamaged 
concrete.  Seeling  both  faces  of  an.  area  of  concrete  and  pumping  to 
refusal  while  progressing  from  low  to  high  elevations  seemed  to  be  the 
best  method  for  attaining  effective  repair  by  epoxy  grouting  in  the 
areas  tested  during  this  investigation. 

28.  Results  of  compressive  strength-pui.se  velocity  tests,  though 
limited,  indicate  that  the  compressive  strength  of  the  concrete  in  -she 
hospital  building  probably  ranges  between  4000  and  5000  psi,  and  that 
concrete  of  this  quality  will  probably  produce  pulse  velocities  ranging 
between  13,000  and  If  000  fps.  Results  of  tensile-splitting  tests 
indicate  that  cracked  concrete  when  properly  repaired  with  epoxy  grout 
is  as  strong  as  the  adjacent  original  concrete. 

2$.  It  is  radicated  from  the  test  results  that  there  are  areas 
within  the  structure  where  repair  by  epoxy  grout  is  not  complete.  There 
is  some  question  of  whether  further  penetration  c  i  be  obtained  in 
areas  that  have  already  been  pumped  unless  pimping  is  done  from  the 
opposite  face. 

30.  It  is  further  concluded  that  ultrasonic  testing  is  a  rapid, 
sconced  cal,  and  satisfactory  method  of  detecting  cracked  or  otherwise 
inferior  quality  concrete,  and  that  indications  of  the  stat-e  of  repair 
of  the  concrete  can  be  derived  fress  test  results. 
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Table  i 


Results  of  Scniscoue  Tests 

■—  <•  ■'  ■»  . . Mm . —  I. 

S  Wall  East  of  Wall  .17  Between  Ground  and  1st  Floor 

(Not  Grouted) 


Station  References 
Distance  Distance 


Velocities 


Station 


Down  from  East  from  Path  _ _ \ 

1st  Floor  Wall  1?  length  Straight 


- 

Numbers 

in. 

_ _  in. 

ft 

Through 

Diagonals 

Remarks 

1 

' 

33 

40 

7 

Only  one  side 

4 

accessible 

1 

CD 

£0 

20 

Only  one  side 

5 

A 

l 

7 

accessible 

l 

87 

60 

20 

Only  one  side 

S 

\ 

accessible 

3! 

« 

88 

20 

40 

Only  cne  side 

i 

* 

i 

accessible 

i 

89 

4o 

40 

1.00 

12,660 

1 

1 

z 

90 

60 

40 

1.00 

9*345 

| 

* 

- 

91 

20 

60 

Only  cne  side 

-5 

accessible 

I 

92 

40 

oO 

1.00 

12,985 

X 

93 

40 

100 

Only  one  side 

3 

4 

accessible 

4 

1 

' 

04 

60 

ICO 

Only  one  side 

9 

1 

accessible 

83  to  90 

3*32 

3905 

5 

| 

£ 

87  to  89 

2.54 

7470 

| 

85  to  89 

2.54 

5425 

IS 

£ 

88  to  92 

2.54 

5315 

- 

| 

I 

91  to  94 

4.85 

5160 

1 

92  to  93 

3.48 

7260 

Table  2 


Results  of  Soniscope  Testa 
R  Wall,  Main  Lobby,  1st  Floor 
(Grouted) 


Station  References 


Station 

Numbers 

Distance 

from 

East  Face 
in. 

Distance 

from 

Floor 

in. 

101 

28 

112 

102 

34 

76 

103 

34 

67 

104 

34 

35 

105 

35 

17 

106 

20 

112 

107 

24 

6l 

108 

23 

35 

109 

8 

109 

130 

8 

68 

101  to  309 

102  to  109 

102  to  110 

104  to  110 

105  to  108 

~if  nYf  i  "ii  fill'  r  i  'I 


Velocities 


Path 

fps 

Length 

ft 

Straight 

Through 

Diagonals 

1.00 

13,700 

1.00 

13,330 

1.00 

13,150 

1.00 

12,660 

1.00 

13,330 

1.00 

12,500 

1.00 

13,150 

1.00 

13,330 

1.00 

13,150 

1.00 

13,330 

1.98 

12,145 

3.64 

12,860 

2.*  8 

12,525 

3.64 

13,095 

2.02 

13,740 

24 


Table  4 


Results  of  Soniscope  Tests 
R-Wall  Beam  Above  Lobby,  Ground  Floor 
Between  Walls  23  and  25 
(Not  Grouted) 

Station  References 


Distance 
up  from 
Bottom 

Distance 

West 

from 

Path 

Velocities 

fps 

Station 

Numbers 

of  Beam 
in. 

Wall  23 
in. 

Length 

ft 

Straight 

Through  Diagonals 

Remarks 

106 

37 

21 

1.08 

14,400 

106a 

37 

25  east 
of  106 

Only  one 
side  ac¬ 
cessible 

107 

17 

21 

Only  one 
side  ac¬ 
cessible 

108 

24 

71 

1.08 

13,500 

109 

8 

95 

Only  one 
side  ac¬ 
cessible 

110 

24 

108 

Only  one 
side  ac¬ 
cessible 

ill 

40 

133 

•  1.08 

13,170 

112 

40 

170 

Only  one 
side  ac¬ 
cessible 

113 

10 

165 

Only  one 
side  ac¬ 
cessible 

106  to  io6a 

2-35 

11,520 

105  to  108 

4.46 

9.0IO 

107  to  108 

4.31 

11,370 

103  to  109 

2.53 

7,565 

109  to  111 

4.14 

7,765 

111  to  112 

2-95 

11,345 

111  to  113 

3.9C 

8,495 

no  to  131 

2.72 

7,575 

Table  5 


Results  of  Soaiscope  Tests 
F.-Wali  Beam  Over  1st  Floor  Opening  (Main  Lobby) 

Between  Columns  23  and  25 
(Grouted) 

Station  References 

Velocities 


Station 

Numbers 

Distance 
from  Top 
of  Beam 
in. 

Distance 
West  from 
Wall  23 
in. 

111 

3 

7 

112 

lb 

7 

113 

24 

7 

114 

11 

23 

115 

19 

23 

116 

26 

23 

13.7 

12 

89 

ne 

20 

89 

119 

9 

96 

120 

15 

96 

121 

23 

96 

122 

17 

132 

123 

8 

174 

124 

17 

174 

125 

24 

1(4 

119  to  122 

120  to  122 

121  to  1*2 

111  to  116 

112  to  115 

117  to  118 

122  to  125 

122  to  124 

122  to  123 

Path 

fps 

Length 

ft 

Straight 

Through 

Diagonals 

1.00 

12,050 

1.00 

12,990 

1.00 

13,16C 

1.00 

13,160 

1.00 

13,890 

1.00 

12,195 

1.00 

11,630 

1.00 

10,525 

1.00 

13,485 

1.00 

13,955 

1.00 

13,185 

1.00 

14,490 

1.00 

12,345 

1.00 

13,160 

3. .00 

12,820 

3.00 

10,675 

3.17 

11,830 

3.57 

10,250 

2 . 3.7 

7,210 

3..  60 

3.1,345 

1,25 

9,540 

3.64 

10,225 

3.64 

15,825 

3.72 

8,435 

Table  6 


Results  of  Soniscope  Tests 
R-Wall  Beam,  1st  Floor  Adjacent  to  Wall  1? 
Between  Columns  1 6  and  17 
(Hot  Grouted) 


Station  References 


Station 

Numbers 

Distance 
from 
Wall  17 
in. 

Distance 

from 

Floor  Above 
in. 

Path 

Length 

ft 

Velocities 

fps 

Straight 

Through  Diagonals 

172 

3 

21 

1.00 

11,630 

173 

3 

39 

1.00 

10,990 

174 

3 

51 

1.00 

10,990 

175 

15 

21 

1.00 

10,640 

176 

15 

39 

1.00 

9,900 

177 

15 

51 

1.00 

13,700 

CO 

H 

24 

a 

1.00 

10,755 

179 

24 

39 

1.00 

13,160 

l8o 

24 

51 

1.00 

12,500 

l8l 

44 

21 

1.00 

12,195 

182 

44 

39 

1.00 

12,500 

183 

44 

51 

1.00 

12,660 

172  to  176 

2.02 

6,435 

175  to  179 

2.05 

7,195 

174  to  177 

1.42 

11,360 

180  to  182 

2.23 

9,215 

179  to  183 

2.23 

8,545 

1?8  to  182 

2.53 

6,875 

179  to  181 

2.47 

11 >175 

l8l  to  184 

1.80 

6,520 

l8l  to  185 

2.17 

6,975 

•JSfo  Reading 

s  Taken  Through  Replaced  Concrete 

in  R-Wall 

Beam 

-O 

1 

16,395 

G 

1 

15,625 

II  ni.  I  jiH'ifi'iiMil  W 


Table  7 

Results  of  Soni scope  Tests 
R-Wall  Beam,  1st  Floor  Between  Columns  1 6  and  17 
(Not  Grouted) 


Station  References 


! 

Distance 

Distance 

i 

J 

East  of 

Down  from 

Velocities 

• 

Opening 

Floor 

Path 

fps 

: 

| 

Station 

in  Beam 

Above 

Length 

Straight 

i 

> 

Numbers 

in. 

in. 

ft 

Through 

Diagonals 

i 

i 

1001 

15 

40 

1.00 

11,365 

1002 

24 

5'T 

1.00 

10,310 

t 

1003 

31 

55 

1.00 

6,370 

i 

§ 

i 

k 

1001  to  1002 

1-95 

10,315 

* 

t 

1001  to  1003 

2.08 

6,730 

£ 

1 

l 

Readings  from  Station  1002  to  Points  Alo^g  an.  Arc 

j 

.. 

46  in. 

East  of  Station  1002 

i 

1002  to  1004 

3-98 

3,075 

5 

r 

1002  to  1005 

3.98 

4,160 

j 

1 

1002  to  1006 

3-98 

5,190 

| 

f 

1002  to  1007 

3.98 

6,495 

1 

1002  to  1008 

3*96 

6,150 

\ 

'  2 

: 

1002  to  1009 

3.98 

6,105 

l 

• 

1002  to  1010 

3.98 

8,010 

j 

Table  8 


Results  of  Sonlscope  Tests 
R-Wall  Beam  Between  Walls  14  and  15 
Between  2d  and  3d  Floors 
(Not  Grouted) 


Station 

References 

- 

Distance 

from 

East  Side 
of  Large 
Duct 

Distance 
Down  from 

3d 

Path 

Velocities 

fps 

Station 

Numbers 

Opening 

in. 

Floor 

in. 

Length 

ft 

Straight 

Through 

Diagonal s 

201 

40 

20 

1.00 

13,335 

202 

40 

40 

1.00 

13,335 

203 

8o 

20 

1.00 

13,160 

204 

80 

40 

1.00 

13,700 

205 

120 

20 

1.00 

13,160 

206 

120 

40 

1.00 

13,160 

207 

160 

20 

1.00 

11,495 

208 

160 

40 

1.00 

11,405 

201  to  204 

3.88 

11,280 

202  to  203 

3-88 

7,670 

203  to  206 

3.88 

10,265 

204  to  205 

3-88 

7,565 

206  to  207 

3.68 

8,170 

Table  10 


Results  of  Soniscope  Tests 
Well  17  in  Duct  Space  2 
(Not  Grouted) 


Station  References 


Station  Numbers 

Distance 
from  Ground 
Floor 
in- 

Distance 
from  North 
Face  of 

L  Wall 
in. 

Path 

Length 

ft 

Velocities 

Straight 

Through 

,  fps 

Diagonals 

95 

102 

50 

1.00 

13,335 

96 

79 

50 

1.00 

11,495 

97 

62 

50 

1.00 

11,495 

98 

42 

50 

1.00 

12,050 

99 

102 

£0 

1.00 

14,085 

100 

79 

80 

1.00 

13,700 

101 

62 

80 

1.00 

13,515 

102 

42 

80 

1.00 

13,335 

103 

102 

110 

1.00 

13,890 

104 

1G2 

l4o 

1.00 

14,705 

105 

102 

180 

1.00 

14,705 

95  to  99 

2-75 

9,965 

96  to  99 

3.33 

11,935 

96  to  101 

2.84 

11,935 

97  to  102 

3-17 

12,780 

98  to  101 

3-17 

9,875 

100  to  103 

3.23 

14, 815 

103  to  104 

2.75 

12,500 

104  to  103 

3-48 

12,385 

Table  3.1  (Concluded) 


Station 

References 

Distance 

Distance 

Path 

Velocities,  fps 

Station 

from 

from  Floor 

Length 

Straight 

Numbers 

R  Wall,  in. 

Above,  in. 

ft 

Through 

Diagonals 

166 

71 

10 

1.00 

12,820 

167 

71 

18 

1.00 

14,085 

188 

71 

42 

1.00 

12,500 

189 

71 

54 

1.00 

13,515 

190 

93 

10 

1.00 

13,160 

191 

93 

18 

1.00 

12,050 

192 

93 

42 

1.00 

13,160 

193 

93 

54 

1.00 

12,820 

194 

117 

10 

1.00 

12,820 

195 

13.7 

18 

1.00 

12,820 

196 

117 

42 

1.00 

12,820 

197 

33.7 

54 

1.00 

13,335 

190  to  194 

2.23 

13,435 

191  to  195 

.2.23 

10,520 

187  to  192 

2.47 

• 

13,645 

102  to  196 

2.23 

14,295 

196  to  197 

1.42 

11,450 

190  to  191 

1.20 

13,150 

187  to  188 

2.23 

11,265 

188  to  189 

1.42 

12,455 

155  to  156 

1.42 

7,170 

155  to  187 

2.47 

11,705 

Readings  Through  Replaced  Concrete  in  ; 

South 

Side 

of  Door,  Litters 

Room  A-183 

A 

12 

10 

1.00 

14,570 

B 

24 

12 

1.00 

14,570 

C 

36 

10 

1.00 

14,510 

D 

48 

10 

1.00 

14,510 

E 

60 

10 

1.00 

14,510 

A  to  E 

4.15 

15,090 

15,090 


Table  12 

Results  of  Soniscope  Tests 


Wall  17  Between  1st  and  2d  Floors  Above  Opening 
into  Litters  Room  A-I83 
(Cfrouted) 


Station  Re 

i'erences 

Distance 

Distance 

from 

from 

Velocities 

North 

Floor 

Path 

fpe 

Station 

Wall 

Above 

Length 

Straight 

Numbers 

in. 

in. 

ft 

Through 

Diagonals 

157 

10 

12 

1.00 

13,700 

- 

158 

10 

31 

1.00 

14,085 

159 

10 

55 

1.00 

13,700 

i6o 

21 

12 

1.00 

14,285 

161 

21 

31 

1.00 

13,890 

162 

21 

55 

1.00 

13,160 

163 

36 

■12 

1.00 

14,285 

164 

36 

31 

1.00 

13,700 

165 

36 

55 

1.00 

13,700 

166 

53 

12 

1.00 

13,700 

167 

53 

31 

1.00 

13,890 

168 

53 

55 

1.00 

14,085 

169 

77 

12 

1.00 

15,150 

170 

77 

31 

1.00 

14,285 

171 

77 

55 

1.00 

13,700 

167  to  169 

2. S3 

13,605 

166  to  1?0 

2*73 

12,295 

168  to  170 

3-00 

13,335 

167  to  171 

3.00 

14,285 

l64  to  168 

2.62 

14,475 

l64  to  165 

2.23 

13,435 

163  to  164 

1.88 

13.2.40 

157  to  164 

2-97 

13,260 

158  to  162 

2.39 

13,060 

159  to  161 

ft 

cvi 

13,060 

160  to  163 

1.67 

14,910 

35 


Table  13 

Besults  of  Sonlscope  Tests 
L  V.Tall  by  IXict  Space  2 
Ground.  Floor  Level 
(Not  Grouted) 


ireEH^reraajreEi 


;n  Numbers 

Distance 
fro;.:  East 
Face 

Wall  17 
in. 

Distance 
up  from 
Floor 
in. 

Path 

Length 

ft 

Vel< 

Straight 

Through 

1 

56-i/4 

114 

1.00 

14,495 

2 

56-1/4 

97 

1.00 

14,495 

3 

56-1/4 

85 

1.00 

14,495 

it 

56-1/4 

65 

1.00 

14,085 

5 

56-1/4 

4o 

1.00 

13,890 

6 

Yl-l/4 

114 

1.00 

14,495 

7 

Yl-l/4 

97 

1.0G 

14,495 

5 

71-1/4 

55 

1.00 

34,495 

9 

71-1/4 

65 

1.00 

13,890 

10 

Tl-l/4 

49 

1.00 

13,700 

11 

S6-1/4 

114 

1.00 

14,085 

12 

86-1/4 

97 

1.00 

14,710 

13 

66-1/4 

85 

1.00 

14,085 

14 

86-1/4 

65 

1.00 

13,890 

15 

86-1/4 

49 

i.:o 

14, 205 

16 

101-1/4 

n4 

1.00 

14,085 

17 

lOl-x/4 

97 

1,00 

14,925 

18 

101-1/4 

85 

1,00 

14,495 

19 

101-1/4 

65 

1.00 

12,820 

SO 

101-1/4 

49 

l.Ou 

12,395 

Sx 

)-* 

r* 

0 

• 

h< 

> 

114 

1.00 

13,515 

22 

110*1/4 

97 

1.00 

i4,Oo5 

23 

110- i/4 

85 

1.00 

14,285 

54 

110-1/4 

65 

l.QG 

14,085 

25 

ilO-i/4 

49 

JL.CO 

13,700 

(Continued) 

36 


fps 

Diagonals 


r 


Table  13  (Concluded.) 


station  References 


Distance 

from  East  Distance 
Face  up  from 
Wall  1?  Floor 


Path 

Length 


Straight 


Velocities 
fps 


Station  Numbers 

in. 

in. 

ft 

Through  Diagonals 

1 

1  to  3 

2.34 

11,270 

% 

=s. 

5  to  6 

2.84 

12,oS5 

. '  m 

■j? 

3  to  10 

3-48 

9,750 

JS 

-1 

5  tc  8 

3*48 

11,735 

* 

6  cn  13 

2-93 

11,015 

4 

'•k 

8  to  11 

2.34 

9,190 

m 

8  to  15 

3-48 

12,565 

- 

10  to  13 

3.48 

12,125 

E 

10  to  23 

3-33 

8,495 

-m 

M 

-  sg 

13  to  21 

3-33 

12,020 

JL: 

13  tc  25 

3*80 

iO,735 

§ 

15  to  23 

3-80 

11,985 

.  ■■£ 
i 

Wall  19  in  Duct  Space  2 
(Test  Par  el) 


Station 

Desig¬ 

nation 
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Table  l6 

Results  of  Sonlscope  Tests 
3d  Floor  Spandrel  Beam 
Between  Columns  13  and  1 4 
(Not  Grouted) 

(North  Side) 


Station  References 


Distance 

from 

V/est  End 

Distance 
up  from 
Bottom 

Path 

Velocities 

fps 

Station 

Numbers 

of  Beam 
in. 

of  Beam 
in. 

Length 

ft 

Straight 

Tnrough 

Diagonals 

Remarks 

209 

13 

17 

1.17 

14,625 

210 

13 

3 

1.17 

13,295 

211 

43 

17 

1.17 

13,765 

212 

43 

3 

1.17 

13,765 

213 

83 

15-1/2 

Only  one  side 
accessible 

214  (13-14)* 

83 

3 

Only  one  side 
accessible 

203**  to  209 

4.12 

3,680 

208  to  210 

3-64 

6,895 

209  to  211 

2.75 

12,010 

209  to  212 

2.99 

10,275 

212  to  213 

3.69 

7,305 

211  to  213 

3-53 

12,050 

214  to  BT 

53  east 
of  point 
214 

25-1/2 

4.58 

8,910 

214  to  BU 

49  east 

5-1/2 

4.25 

10,045 

of  point 
214 


Numbers  in  parentheses  indicate  columns  between  which  the  station  was 
located. 

**  On  R-wall  beam,  see  table  8. 
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\m 


St&ti cd  iiua&crs 

215  iI2-13)* 

216  (on  col  1*;) 
215  to  at 

215  to  if! 

213  to  iSJ 


Table  17 

1  asolts  of  Soniscopc  Tests 

3d  Floor  .'pauare i  Boies;  Headings  through  Beans,  Colusa:,,  and 
Colusr.-Bens:  Connections 
(Grouted) 

(Kortr,  Side) 


Kclei’cnces 

Distance  tr&i  D 

West  Sid  f 

ol‘  Sees 
in. 


vest  of  po*J»t  ill) 
3^  vest  of  point 


Di«t**nce  up 
frc«  Bottoe 
of  b 
in. 


216  to  BK 

36  west  of  point  216 

23-1/2 

216  to  BS 

36  vest  of  point  216 

5-1/2 

216  to  E? 

hi  cust  of  point  216 

25-1/u 

216  to  2d. 

l£  east  of  point  216 

5-1/2 

217  (10-12) 

299  east  of  col  13 

15-1/2 

216  (1C-12) 

362  east  of  col  13 

15-1/2 

219  (10-12) 

2?.6  east  of  col  13 

15-1/2 

220  (on  col  10) 

500  eust  of  col  13 

15-1/2 

221  (6-10) 

{66  east  of  col  13 

15-1/2 

217  to  BP 

35  vest  of  point  217 

25-1/2 

217  to  Bft 

32  vest  of  point  217 

5-1/2 

21?  to  £16 
216  to  219 

219  to  B'." 

37  east  of  joint  219 

25-1/2 

219  tc  B0 

37  east  of  point  2'9 

5-i/v 

220  to  s:; 

36  vest  of  point  0 

25-I/2 

220  to  B0 

33  vest  of  point  22 0 

5-1/2 

220  to  EL 

13  eait  of  point  -20 

25-1/2 

220  to  s: 

13  east  of  point  220 

5-1/,- 

235  to  221 

221  to  BJ 

13  vast  of  point  2-1 

->-1/2 

221  vo  BK 

13  oast  ef  point  1 

222  (8-10) 

62?  east  of  col  13 

223  (S-10) 

ft6  east  cf  cel  15 

221  (siddle 

col  6) 

7{C  east  of  eoi  13 

1 3-1/ 

£22  to  RJ 

ao  vest  of  point  .-v 

-5-1/2 

222  to  2K 

IS  vest  of  point  2— 

5-1/2 

222  to  223 

223  to  fc-A  j 
£23  to  SB 

On 

col 

On  s  eC-in.  arc  cant¬ 
or  point  223 

25-1/v 

Ij-iA 

225  to  Be  l 

o 

5-1/2 

£25  (6-6) 

32  east  of  center,  cel  6 

15-1/2 

226  (6-6) 

112  vast  of  center,  col  6 

15-1/- 

227  (6*o) 

£12  east  ef  center,  col  0 

*5*1#  *i 

(center. 

col  6) 

257  east  of  center,  col  6- 

Phil.  LeQgtzi 
ft 


(Continued) 

*  !!ici??s  in  parosttajs^*?  indicate  cQiusr.s  tetveen  vhic!.  the  staticr,fe  very  iccatc-4. 


Velocities.,  fps 
Sirclgfit 

7fcrcu#?h  SiitAggis 
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Table  !*’  (Concluded) 


Statical  References 


Distance  free. 

■  II  1  l  M 

Vest  End 

fr»  lottos 

VeicciL 

iSit-JlS. 

of  fteaa 

01  Bc*c; 

Pall;  length 

Straight 

eu  f.'».‘.i  s  w  mmm 

in. 

In. 

ft 

Tnrou^h 

i 

--5  W  22>tA  i  - 

-5-1/2 

2.91 

6,595 

2£5 

to  22AE  :oi 

On  a  32-in.  are  tf-ist  of 
point  2*r> 

15-1/2 

2-51 

$*9& 

0=5*: 

to  22lC  ’  ® 

-2-1/2 

2.91 

f,0A> 

sa6 

to  EH 

30  vedt  of  i-=oiaf. 

05-1/- 

i-75 

it,!  9 

£36 

to  El 

30  ■-(■■it  of  point  £2f 

5-1/2 

*-•  l> 

to  £28 

3  « 

0=3? 

to  c^8A 

£5  «ui  of  pcint  c-T 

c5-i/c 

?.'4- 

12,-0- 

55H 

to  EF 

15  east  of  point  2-0 

-iW/- 

3-Ste 

225 

to  r<; 

£3  «*Et  cf  t-VJCt 

5-1/2 

j* » * 

229 

(1-8) 

I0£  east  cf  center,  col  0 

1  -l/4' 

i.i  ' 

l*if2?0 

230 

(1-6) 

170  east  of  center,  cc-i  0 

1^-1/ 

1-4. 

231 

(on  col  1) 

ZMQ  vis& *  of  :=eriv*)r#  col  *> 

l.S  i 

5*5 

(2-1) 

303  vest  of  Center,  col  1* 

lA-l/2 

1.17 

233 

(2-1) 

lot  east  of  center,  col  ■- 

l>-l/2 

23** 

(2-1) 

cast  jf  center,  col  c 

10-l/£ 

229 

to  SF 

weftft  of  foiiit  <:*7 

25-1/2 

>.vi. 

229 

to  EC 

5?  oust  of  point  2.<9 

}-i/* 

5-d. 

2J0 

to  BE 

32  east  cf  point 

l>-l/2 

-91 

i>.-55 

231 

to  EC 

25-1/2 

3-33 

13,^0 

231 

to  EE 

On  a  3^-in.  arc  west  of 
£31 

15-1/2 

3-38 

231 

to  Es\ 

5-1/2 

3oS 

il,5j> 

232 

(2-1) 

303  east  of  center,  col  6 

15-1/2 

i-OO 

12.225 

232 

t0l,Al  On 

to  lB  1  -toi 

-5-1/2 

3.ts 

♦  " 

232 

On  a  tt-Jn.  arc  vent  of 

232 

*5-l/~ 

1  -  t 

232 

to  1C  \ 

5-;/- 

3*i; 

*  **  *' 

333 

(2-1) 

e-wt  of  co!:V*r,  col  6 

*5*1/2 

2}i 

(~-l) 

196  cast  of  et-r  V  r,  col  a 

lO-i/i 

233 

to  231 

2.5.’ 

lo,  ■•>,'■  5 

231 

to  BA 

96  test  of  poll.-  ojl 

r—6 

-Vv5 

5|i 

to  ?B 

97  east  « !  point  -il 

5-1/*- 

1* »  i*> 

,00 

2ji 

ta^/  Cn 

c?  01  St  of  poUt 

.5-1/2 

£3- 

to  *.B  coi 

£l  e-St  of  point  31 

to  2=1  4 

kS  t-^sf  of  5«jr.l 

>-  /  - 

-  *-> 

i:*  »  .0> 

Table  18 


Results  of  Soaiseope  Tests 
3d  Floor  Spandrel  Beam  at  Column  8 
Column-Beam  Readings  Tltrougb  Outer  6  in. 

North  Side  of  Building 

Diagonal 

Path  Length  Velocities 


Station  Numbers 

ft 

fps 

B-30S 

5-6 

13,965 

B-306 

5-5 

12,305 

C-801 

5-3 

13,695 

C-802 

5.5 

14/250 

v-- 


©*->M 


Station  location  diagram 


y  'JiJliJiuhb  ..kllA'ii  /  /  J-ihJ-t  As!!!!i-,iuai.*,..}1y!i„„i!.1ii!‘4jL..!L.  j.AU  b  >  Mildly  ki.iib  ■uui*hi,jAJi  h,i  u  j|.i  Lh'Jliili'Ai'jA.II.i.iMiinf! 


inih»»w(W'V'|WWH 


Table  19 

Results  of  Sonlscope  Tests 
3d  Floor  Spandrel  beam  at  Column  10 
Column-Beam  Readings  Through  Outer  6  in. 
North  Side  oi‘  Building 


Station.  Numbers 
B-303 
b-304 
c-1001 
C-1002 


Path  Length 
ft 


Diagonal 
Velocities 
f  ps 

12,830 

12,690 

ifc,575 

l4,28p 


I  «?%  C-*OOi 

vx-- - 


Station  location  Jiagraj 


:  4  'ulwCh  imiliiinliil  i|fl!'ll1iliniii  kluinikri  ni.i!=:i..i.i-iii  ii  nUiUiil  K  'l■.ll|n;.lllllH^^r[ll)lllll'll[illl^l  . . i4ilh(ii.^'||H?liti[t||li>i[.«llliilil,itlHlrilti(ti[ililililiiiliiii!ill)l>rill,llsil|l|l[!l)llli!l!iili|f‘il1illi!l)f!lj 


Table  21 


Results  of  Soniseope  Tests 


3d  Floor  Spandrel  Beam  at  Golusnn  14 
Readings  Through  Beams,  Columns,  and  Column-Beam  Connections 


(South  Side) 

(Not  Grouted) 

Station  Numbers 

Path  Length 
ft 

Velocities 

fps 

Straight 

Through  Diagonals 

C-i4 

1.17 

13,765 

C-l4  to  A 

2.76 

7,095 

C~l4  to  B 

2.76 

10,000 

C- l4  to  C 

2.76 

11,550 

C-l4  to  D 

2.03 

LI, 215 

C-l4  to  13 

2.03 

11,600 

C-l4  to  F 

2.03 

11,665 

C-l4  to  G 

2.03 

13,610 

C-i4  to  H 

2.03 

13,610 

C-l4  to  I 

2.03 

13,630 

C-14  to  J 

2.76 

13,730 

C-l4  to  K 

2.76 

13,730 

C-l4  to  L 

2.76 

13,730 

Table  23 


Results  of  Soniscope  Tests 
3d  Floor  Spandrel  Bearn  at  Column  10 
Readings  Through  Beams,  Column,  and  Column-Beam  Connections 

(South  Side) 

(Not  Grouted) 


Station 

Numbers 

Path 

Length 

ft 

Velocities 

fps 

Straight  Diag- 
Through  onals 

Station 

Numbers 

Path 

Length 

ft 

Diagonal 

Velocities 

fps 

C-10 

1.17 

12,825 

C-10  to 

326 

2.03 

15,265 

335 

1.17 

11,570 

C-10  to 

327 

2.03 

11,195 

C-10  to  C-10A  2.76 

11,525 

C-10  to 

328 

2.03 

10,355 

C-10  to  C-lCffi 

2.7  6 

ll,525 

C-10  to 

329 

2.03 

9,855 

C-IC  to  319 

3-53 

13,120 

C-10  to 

330 

2.03 

11.105 

C-10  to  320 

3-53 

13,170 

C-10  to 

331 

2.76 

9,535 

C-10  to  321 

3-53 

l1*,  175 

C-10  to 

332 

2.76 

10,195 

C-10  to  322 

2.76 

11,300 

C-10  to 

333 

2.76 

8,680 

C-10  to  323 

2.76 

15,080 

C-10  to 

33* 

3.53 

9,050 

C-10  to  32H 

2.7  6 

11,225 

C  —u-0  "to 

335 

3-53 

8,715 

C-10  to  325 

2.03 

16,370 

c-10  to 

336 

3.53 

10,170 

Station  location  diagram 


•Table  24 


Results  of  Sonlscop;.  Tests 
3d  Floor  Spandrel  Bearn  at  Column  8 
Readings  Through  Beams,  Columns,  and  Column-Beam  Connections 

(South  Side) 

(Not  Grouted) 


Velocities 

fpg 


Path  Length 

Straight 

Station  Numbers 

ft 

Through 

Diagoii- 

C-8 

1.J.7 

15A95 

C-8  to  33T 

5-13 

10,020 

C-8  to  338 

5.13 

13,035 

C-8  to  339 

5-13 

11,305 

C-8  to  340 

3-53 

13,320 

C-S  to  341 

303 

12,430 

C-8  to  3^2 

3.53 

10,895 

C-8  to  343 

3-53 

14,350 

C-8  to  344 

3>53 

14,350 

C-8  to  345 

3-53 

14,350 

C-8  to  346 

5-13 

14,210 

C-8  to  347 

5-3.3 

13,902 

C-0  to  348 

5-13 

14,100 

>»4  4*** 


\m»4  *>« 


Station  location  diasrara 


1  ■ 
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Table  23 

Results  of  Scnisccpc  Tests 

3d  Floor  Spandrel  Peara  at  Column  6 
Readings  Through  Beams .  Columns,  and  Colusa  -Beam 

(South  Side) 
v Grouted) 

Connect! ons 

Path  length 

Velocities 

foe 

Straight 

Station  Numbers 

ft 

Through  Diagonals 

C-6 

i.  •  1? 

14,310 

C-6  to  349 

2.76 

12,105 

C-6  to  350 

2.76 

3,9‘*0 

C-6  to  351 

2.76 

) 

C-6  to  352 

2.03 

j 

c-6  to  353 

2.03 

0 

C-6  to  354 

2.03 

,500 

C-6  to  355 

2.03 

12.453 

C-6  to  356 

2.03 

l4,400 

c-6  bo  357 

2.03 

13,270 

C-6  to  358 

2.76 

13,205 

C-6  to  359 

2.76 

13,205 

c -6  to  jC 0 

2.76 

12,050 

— ^  i\' — 

>*•»  #w  <  *»*» 

TTvV  T~ 


:o::  location  diagram 
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Table  27 


Results  of  Sonlscope  Tests 
3d  Floor  Spandrel  Beam  at  Column  10 
Column-Beam  Readings  Through  Outer  6  in. 

South  Side  of  Building 

:  *  '  Velocities 


fps 


Station  Numbers 

Path  Length 
ft 

Straight 

Through  Diagonals 

B-301-S 

3-7 

13,355 

B- 302-3 

3-7 

13,755 

C-1001-S 

3.B 

13,620 

C-1Q02-S 

3*75 

13,890 

C 

1.7 

15,180 

B 

2.6 

14,130 

c-twi-aj  Q  J 


—  —  — 


c-woi-»  j  Q) 


»-»•••  *  <£>• 


Cj  j 


Station  location  diagram* 


Table  29 


Results  of  Soniscope  Tests 


5th  Floor  Spandrel  Beam  at  Column  10 
Column-Beam  Readings  Through  Outer  6  in. 
North  Side  of  Building 


Table  30 

Results  of  Scniscope  Tests 


East  Stairway,  Wall  2  Between  Wall  T  and  Fan  Rocra  Wall 

First  Floor 
(Not  Grouted) 


Station  ] 

References 

Distance 

from 

Distance 

Velocities 

Fan  Room 

up  from 

Path 

fps 

Station  Numbers 

Wall 

Floor 

Length 

Straight 

in. 

in. 

ft 

Through  Diagonals 

Remarks 

SW-1G1 

14 

136 

1.00 

15,875 

&•/ -102 

42 

136 

Only  one 
side  ac¬ 
cessible 

SW-1C3 

82 

136 

Only  one 
side  ac¬ 
cessible 

SW-104 

122 

136 

Only  one 
side  ac¬ 
cessible 

S-/-105 

lo2 

136 

Only  one 

- 

side  ac¬ 
cessible 

SW-106 

192 

136 

Only  one 
side  ac¬ 
cessible 

S/ -107 

162 

84 

Only  one 
side  ac¬ 
cessible 

SW-108 

120 

84 

Only  one 
side  ac¬ 
cessible 

s-/ -109 

62 

84 

Only  one 
side  ac¬ 
cessible 

102  to  109 

4.42 

8,110 

103  to  109 

4-35 

8,860 

103  to  108 

4.8l 

7,990 

104  to  108 

5-98 

13,050 

104  to  107 

4.99 

9,325 

106  to  107 

4.31 

8,850 

55 


Table  31 


Results  of  Soniscops  Tests 

Bast  Stairway,  V/all  2  Between  Wall  T  and  Fan  Room  Wall 


Second  Floor 

* 

(Not-  Grouted) 

Station  References 

Distance 

from 

Fan  Room 

Distance 
up  from 

Path 

Velocities 

fps 

Station  Numbers 

Wall 

in. 

Floor 

in. 

Length. 

ft 

Straight 

Through  Diagonals 

Remarks 

SW-201 

14 

139 

1.00 

14,709 

SW-202 

42 

139 

1.00 

15,875 

SW-203 

32 

139 

1.00 

15,875 

SW-204 

122 

139 

Only  one 
side  ac¬ 
cessible 

SW-205 

162 

139 

Only  one 
side  ac¬ 
cessible 

SW-206 

192 

139 

Only  one 
side  ac¬ 
cessible 

SW-207 

177 

102 

Only  one 
side  ac¬ 
cessible 

SW-208 

122 

88 

Only  cne 
side  ac¬ 
cessible 

SW-209 

66 

72 

Only  one 
side  ac¬ 
cessible 

201  to  202 

2.52 

11,405 

202  to  209 

5.77 

8,730 

2J3  to  209 

5.38 

10,530 

203  to  208 

5.2? 

10,&90 

205  to  20-3 

5.20 

10,505 

204  to  207 

:M3 

14,440 

206  to  207 

3-54 

13,615 

Table  33 

Results  of  Soniseope  Tests 


East  Stairway,  Wall  2  Between  Wall  T  and  Fan  Room  Wall 

Fourth  Floor 
(Not  Grouted) 


Station  References 

Distance 
from 
Fail  Room 

Distance 
up  from 

Path 

Velocities 

fps 

Station  Numbers 

Wall 

in. 

Floor 

in. 

length 

ft 

Straight 

Through  Diagonals 

Remarks 

SW-401 

14 

125 

1.00 

14,925 

SW-402 

4l 

125 

1.00 

15,625 

sv-403 

8l 

125 

Only  one 
side  ac¬ 
cessible 

SV7-404 

121 

125 

Only  one 
side  ac¬ 
cessible 

SW-405 

161 

125 

Only  one 
side  ac¬ 
cessible 

$W-4o6 

211 

125 

Only  one 
side  ac¬ 
cessible 

SV7-40Y 

161 

95 

Only  one 
side  ac¬ 
cessible 

SW-408 

121 

71 

Only  one 
side  ac¬ 
cessible 

SI-/-40O 

70 

65 

Only  one 
side  ac¬ 
cessible 

401  to  402 

2.62 

10,040 

402  to  409 

5*51 

6.090 

403  to  409 

00 

o 

• 

12,180 

403  to  4o8 

5.65 

12,470 

404  to  4o8 

4.83 

12,675 

4o4  to  407 

3.98 

12,715 

406  to  407 

4.04 

12,705 

405  to  4oS 

6.06 

12,120 

58 
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Table  35 

Results  of  Soniscope  Tests 
Readings  on  Column-Beam  Connections 
Around  Outpatient  Clinic 
(Grouted) 


Table  36 

Velocity  Tests  of  Epoxy -Repaired  Co::es 


14 

fM 

U 

1 

1 


_ Test  Condition _ 

Saturated,  before  breaking 
After  24  hr  curing  at  70  to  80  F 
After  24  hr  curing  at  IpO  F 
After  43  hr  curing  at  120  F 
Saturated,  final  reading 


Velocities,  fps 


Film 

l/l6-inf  Layer  l/6-in.  L 

14,645 

14,540 

14,645 

l4,4l0 

11,060 

14,000 

13,575 

13,520 

13,730 

13,7-10 

13,650 

13,730 

13,575 

14,060 

13,730 

